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A THERMAL COMPENSATING DESMODROMIC VALVE ACTUATION SYSTEM 



Cross Reference To Related Applications 

[0001] The present application is a Continuation-In-Part of 
utility application Serial No, 10/099 , 117, entitled DESMODROMIC 
VALVE ACTUATION SYSTEM filed March 15, 2002, now U.S. Patent 
Number 6,619,250, issued September 16, 2003, which claims benefit 
of Provisional Application S.N. 60/276,889 entitled VALVE 
ACTUATION SYSTEM filed March 16, 2001, and the entire contents of 
all of these applications are incorporated herein by reference. 



Background of the Invention 

[0002] The present invention relates to valve action in 
relation to an internal conbustion engine in automobiles and, more 
particularly, to a desmodromic valve actuation system for intake 
and exhaust function of a four-stroke piston in such engines. 

[0003] Valve action of internal combustion engines is required 
to control the piston chamber for four functions of intake, 
compression, combustion and exhaust. The proper timing for 
opening and closing these valves is extremely critical to 
effectively and efficiently produce the horsepower for an internal 
combustion engines. The standard method of controlling and 
operating these cams is initiated by a timing belt that connects 
the engine crankshaft to a camshaft. The camshaft has a series of 
cams, one for each intake and exhaust valve in each cylinder. The 
cams, as presently configured in all four cycle engines, are 
designed to displace the valve inwardly to open either the intake 
port or the exhaust port. The cams are incapable of closing the 
port openings; and, accordingly, springs, that are compressed when 
the cams open a port, are energized to provide forces that close 
the port. The energy merely supplies the force to return the 
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valve to closed position when the energy is released, but the cam 
provides control of the valve. This control is necessary so that 
acceleration/ deceleration of the valve can be accomplished with 
minimum impact loading of the valve seat and hence minimize noise. 
Further, the frequency of cycles for opening and closing of the 
valve is quite high requiring very high spring loading to 
accelerate the mass of the valve. 

[0004] The four-cycle internal combustion engine requires a 
first cycle that is the intake wherein a mixture of gas and air 
enters an opened valve intake port. The piston is displaced 
vertically down the piston cylinder by the engine crankshaft. The 
second cycle is compression of the gas/air mixture. The piston is 
driven up the cylinder by the crankshaft. Both intake and exhaust 
valves are in a closed position to effectively seal the piston 
cavity and allow the pressurization of the gas /air mixture. At 
the appropriate time a spark is introduced to the mixture and an 
explosion occurs with rapid expansion of the resulting gases. The 
piston is driven down by the force of the expanding gas which in 
turn applies a resultant torque to the crankshaft. This torque 
when combined with a sequence of these explosions at additional 
pistons will result in the rotational energy of the engine and 
in its output horsepower. The final cycle is the return up the 
cylinder by the piston wherein the exhaust valve port is opened 
and allows gases to escape. At the conclusion of this cycle the 
next series of cycles is ready to commence by the intake cycle. 
It can be seen that the valve's closing and opening are essential 
in the process along with their control in the speed of their 
action and the duration they remain closed. It is desirable to 
operate these valves at the highest speed possible for effective 
and efficient power generation. 

[0005] The opening of the valves by the camshaft is a positive 
mechanical operation by the individual cams. The closing of the 
valve is a kinematic action resulting from the energy stored in 
the spring to return and close the valve. This complete function 
severely limits the speed at which the engine can run, as the 
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valve mass inertia is critical for the stored energy of the spring 
and limits the cycle time. The acceleration and deceleration of 
the cam for high cycling conditions can severely limit the size of 
the spring, 

[0006] The normal function in the automobile engine is such 
that there is a firing sequence for the cyclinders that are 
constantly repeatable regardless of whether the car is parked or 
moving at any speed. Accordingly, the same displacement of 
gas/air mixture is constantly used regardless of speed or stopped. 
It can be seen that, when stopped, the engine uses much more gas 
than necessary, when all that is required is to keep the engine 
running can be accomplished with very minimal amounts of 
air/gasoline mixture. Power is required for accelerating a 
vehicle which requires richer mixtures and higher speeds of the 
engine. If the valves can be controlled during acceleration, 
efficient and effective volumes of mixture can be ingested in the 
cylinder for the appropriate condition of speed, thereby offering 
fuel economy. Finally, when achieving a desired speed it is only 
necessary to overcome the wind drag forces, the friction of the 
wheels on the road and the internal friction of the drive train 
and engine inertia to maintain the velocity. This can be 
accomplished with less than the total displacement put out by the 
engine. It would be desirable for effective gas consumption to 
have the ability to not only control the amount of air/gas mixture 
entering each piston but also have the ability to close any number 
of cylinders while the engine is performing with the remaining 
operational cylinders. Of necessity, the timing is critical for 
the closing down and reopening of the selected cylinders that 
become inoperative. 

[0007] It is, therefore, the object of the present invention to 
provide means that will significantly reduce gas consumption of 
an internal combustion engine as typically found in an automobile 
by efficiently and effectively controlling valve port openness in 
concert with the requirements of the operation of a vehicle. 
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[0008] It is yet another object of the invention to present the 
means by which valve control is simple, precise and timely, which 
in turn will be in concert with the engine performance and results 
in immediate smooth sensitive control of the engine performance 
and in turn the automobile. 

[0009] It is an additional object of the invention to provide 
the means for the necessary timing of the valve in a piston to be 
in sequence and in position relative to port opening and closing 
as well as acceleration and deceleration requirements of the 
valve • 

[0010] It is also an object of the invention to present the 
means by which piston firing sequences and individual operations 
will be designed and controlled. 

[0011] It is a further object of the present invention to 
provide a valve control system that is simplified in nature but 
more effective in controlling the percentage opening of valve 
ports and will completely eliminate the necessity of springs in 
the functioning of valves as found in present-day automotive 
internal combustion engines. 

[0012] It is another object of the invention to provide a valve 
actuation system that will be considerably amenable to higher 
engine speed performance, enhancing the engine performance with 
resulting savings of gasoline. 

[0013] It is a further object of the present invention to 
provide a simple robust construction of a valve actuator that is 
simple in operation and precisely controlled at all times. 

[0014] It is a further object of the present invention to 
compensate for the thermal expansion and contraction of the valve 
stem during varying operating and ambient conditions to improve 
valve sealing. 
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Summary of th Invention 

[0015] These and other objects are well met by the presently 
disclosed effective, highly efficient, essentially springless 
(desmodromic) and substantially infinitely variable valve actuator 
system of this invention for use with, for example, an internal 
combustion engine. In one aspect of the invention a first 
action of a linearly reciprocating actuation system by a rotating 
cam and translating means interacts with a second controllable 
actuating means that controls valve position, and will be 
substantially infinitely variable in displacement thereby 
controlling the percentage of port opening in each piston 
separately or in unison. Any percentage opening of the valve port 
is achievable to the extent that the valve port can be closed 
indefinitely all the while the engine is performing under the 
influence of the remaining operating pistons. All the control 
exercised on the valves are performed easily, quickly and in total 
concert with the continuous smooth operation of the engine. All 
these functions can be computer controlled as a function of 
vehicle performance and will not affect the smoothness of 
operation of the internal combustion engine and in turn the 
vehicle itself. 

[0016] in an embodiment of the invention, a reciprocating cam 
translating device is coupled to a rotary cam which receives an 
input from, for example, a pulley driven by a timing belt from an 
output shaft of an internal combustion engine. A second device, 
under controlled conditions, converts the reciprocating linear 
motion at the reciprocating cam translating device into a 
substantially infinitely variable reciprocating motion, which, in 
fact, is the valve itself. The rotary cam having a grooved track 
in a circular flat disk, with appropriate configuration, displaces 
a translating means which is a ball constrained in a slide which, 
in turn, reciprocates in a slot to achieve the first reciprocating 
linear movement. Attached to the slide is an assembly that 
contains a rotable link in which a slot of appropriate length and 
juxtaposition such that as the assemblage translates in accordance 
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to the reciprocation of the first device along its line of action 
the slot presents an angle to that line. Pins affixed to the 
valve will ride in the slot and the valve , fixed in the engine 
block will move up and down as the slot reciprocates in accordance 
with the first cam/ translating means. The up and down movement of 
the valve is dependent on the angle the slot makes with the line 
of action of the first translating means. A repeatable fixed 
point in the slot is required no matter what the angle is and as 
it will repeatably define the closed position of the valve 
regardless of how much opening of the port is required. If the 
link is rotated to where the centerline is co-axial with the line 
of action the valve has closed the port and will remain closed 
while the engine is still performing. Rotation of the link is 
performed by an adjustable member which has a slot parallel to the 
line of action that allows a pin, which rotates the link to any 
angle, to slide along the line of action and at the same time 
secures the angular position of the slot. This adjustable slide 
must move normal to the line of action in a housing affixed to the 
engine block. Control of the adjustable slide by an actuator, 
electro-mechanical or hydraulic, with position information of the 
slide will effectively control rotation of the link and in turn 
the amount of port opening. 

[0017] The cam groove curvatures are shown such that the proper 
rise and fall along with dwell time are in concert with the 
engine. The rise and fall cam curvature can be of any variation - 
linear, spiral, sinusoidal or desired algebraic polynominal. 
Curvatures ideally should be such that significant effort should 
be exercised to use as long a time as possible to decelerate and 
land the valve as easily as possible to reduce landing click. 

[0018] In another aspect of the invention computer control of 
each valve allows operation of any set of pistons such that for, 
preferably, an eight cylinder engine 2, 4, 6 or 8 pistons 
(although the invention is not limited to a specific number of 
cylinders) could be operating at any time while those that are 
operating have the further enhancement of variable valve 
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displacement. Under the most economic conditions while stopped 
six cylinders could be non- functional while two cylinders with 
minimal valve openings would be sufficient to keep the motor 
running. Under computer control while accelerating, the required 
number of pistons and valve opening percentages will be 
functioning. At the required cruising speed the minimal number of 
pistons and most economical valve port opening will be in effect. 
There are any number of variations on how to control these valves. 
One controller could control all the valves at once with no 
ability to turn off any piston. Two controllers where one 
controls two pistons and the other controls four pistons. This 
gives the option of two, four or six pistons working. The ideal 
would be one controller for each cylinder. 

[0019] in yet another aspect of the invention is the insertion 
of a valve stem thermal compensator having pair of distal ly - 
opposed spring-like projections into the slotted cam to adjust for 
the thermal expansion or contraction of the valve stem. 

[0020] For a better understanding of the present invention, 
together with other and further objects thereof, reference is made 
to the accompanying drawings and detailed description and its 
scope will be pointed out in the appended claims. 



Brief Description of the Drawings 

[0021] Figure 1A represents a partial, cross-sectional view of 
an embodiment of the valve system of this invention; 

[0022] Figure IB represents a partial, cross-sectional view of 
an embodiment of a valve system of the prior art; 

[0023] Figure 2A represents a partial, cross-sectional view of 
a close valve position of the valve system of this invention; 

[0024] Figure 2B represents a partial, cross-sectional view of 
an open valve position of the valve system of this invention; 
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[0025] Figures 3A-3F illustrate the kinematics of the valve 
system of this invention; 

[0026] Figure 4 represents a partial, cross-sectional view of 
the intake and exhaust valves of the valve system of this 
invention; 

[0027] Figures 5A-5F illustrate the variable displacement 
features of the valve system of this invention, with Figs. 5B-5D 
showing the invention with a portion removed; 

[0028] Figure 6A-6J illustrate various side and top views, 
respectively, moments in the movement of the valves within the 
system of this of this invention; 

[0029] Figure 7 represents a partial top view of two valve 
assemblies in a common housing of this invention; 

[0030] Figures 8A-8D illustrate the basic control function of 
the valve assemblies of this invention; 

[0031] Figures 9A-9D illustrate the methodology utilized with 
the valve assemblies of this invention; 

[0032] Figure 10 is a schematic representation of a further 
embodiment of the invention representing multiple valves per 
cylinder; and 

[0033] Figures 11A-C are schematic representations of a further 
embodiment of the invention illustrating a valve stem thermal 
expansion and contraction compensator. 



Detailed Description of Preferred Embodiment 

[0034] One embodiment of the present invention is shown in Fig. 
1A. As illustrated, the elements of this variable, desmodromic, 
valve actuation system of this invention are configured in 
juxtaposition for intake and exhaust valves 1 and 2, respectively, 
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as they would interact with a single piston of a four-cycle 
internal combustion engine. By way of comparison the present 
prior art cam/ spring valve actuation is shown in Fig. IB. The 
benefits derived from a variable valve actuation capability are 
well known and chronicled in the automotive market. The object 
here is to present a substantially infinitely variable actuation 
system that can be precisely controlled to present the most 
advantageous configuration of valving including any percentage 
port opening on the intake cycle to closure of the intake port and 
resulting benign piston performance. The ability to perform 
these functions reliably and precisely while the engine is 
operational will be shown. This highly sensitive system, under 
computer control, and while the vehicle is traveling will 
effectively and efficiently consume gasoline and maximize engine 
performance. The description and kinematics of this substantially 
infinitely variable, desmodromic, valve actuation system of the 
present invention follows. 

[0035] In Fig. 2A and 2B, a standard piston arrangement with 
the valve actuation system of the present invention is shown. As 
illustrated, the present invention eliminates the cam and spring 
method of valving with a essentially springless (desmodromic) 
kinematic system that positively controls the valve cycling and 
requires no springs. This is of considerable advantage, as the 
springs must be compressed to as much as 65 to 85 pounds depending 
on size and displacement of an engine. This large force is 
necessary to accelerate the valves at the high cyclic rates of an 
engine, as high as 6,000 to 7,0000 revolutions per minute (RPM) . 
A considerable amount of energy is used just to deflect the 
springs rather than applying it to the engine crankshaft. The 
present invention will require considerably less, as the mass 
inertia of the valve system will be less and the kinematics of the 
valve actuation will be more effective. It will be possible with 
the present invention to run the engine at higher speeds which is 

Derf ormance. 
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[0036] The basic principal in the operation of an internal 
combustion engine is the requirement of the proper timing of 
opening and closing the valves for the 4 cycles of each piston. 
Once the engine crankshaft starts to rotate , the relationship 
between it and the camshaft is established and the configuration 
of cams on the camshaft controls the timing of opening and closing 
the intake and exhaust valves. The standard automobile engine, 
using the cam/ spring valve actuator system of Fig. IB presents a 
repetitive, non-variable valve port opening which is inefficient 
for maximum engine performance and gasoline consumption. The 
basic kinematics of valve actuation in accordance with the present 
invention as shown in Fig 1A will be described and will be further 
developed to introduce the variable aspect of valve actuation 
which is the preferred embodiment of the present invention. 

[0037] Figs. 2A and 2B illustrate closed and opened positions 
of a valve 33 in a cylinder 34 in accordance with the embodiments 
of the present invention. As the camshaft 10 rotates in a 
clockwise direction, in concert and at half speed of the 
crankshaft, the input cam 11 initiates a reciprocating motion via 
the cam assemblage 15. Figs. 3A and 3B illustrate in detail the 
kinematics of the cam assemblage 15. In Fig. 3A input cam rise 25 
is shown in the initial condition of the cam groove or track 20 
and a ball 16 at the minimum Rc radius. As the input cam rotates 
in a clockwise direction, the ball 16 which is captured in a slide 
or drive link 17 is radially displaced to a maximum position D at 
Rmax by the rise cycle 26 which is shown in Fig. 3B. The slide is 
contained in the guideway 18 of the non-rotating backing plate 19 
as shown in Figure 3C. As the input cam continues to rotate the 
ball and slide are displaced inwardly along the guideway 18 by the 
full cycle 25 of the cam track 20. This 90- degree rotation of 
the input cam will result in reciprocating the slide 17 back and 
forth in the guideway and establish a line of action (LOA) of the 
slide. As this input cam continues to rotate the remaining 270 
degrees in Fig. 3E, the ball and slide will not be displaced as 
the cam track 26 will present a circular groove and thereby a 
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constant radius Rc. This, in effect, results in a dwell period 
for the slide and no reciprocating motion will be in effect. The 
action described for 360 degrees rotation of the camshaft reflects 
the four cycles of either the intake or exhaust valve actions. 
The valve is opened and closed by the rise and fall cycle and for 
the 270 degrees for the intake valve compression, combustion and 
exhaust occur requiring the intake valve to remain closed for that 
period as the 270 degrees dwell will affect. For the exhaust 
valve, the action is offset 90 degrees as shown in Fig. 3F. Rise 
cycle 25e, dotted, and fall cycle 26e of the exhaust valve precede 
rise cycle 25i and fall cycle 26i of the intake cycle as the 
camshaft rotates in clockwise direction. As shown in Fig. 1A with 
intake valve 1, (cam rotated 45 degrees) in opened position and 
exhaust valve 2 in closed position at radius Rc with its rise 25e 
and fall 26e cycle also rotated 45 degrees. These cams in their 
function and juxtaposition will be described later. 

[0038] Alternate radial groove locations 14 shown in Fig. 3D 
are located in the backing plate 19 for the purpose of containing 
balls that will be used solely for stabilizing the plane of the 
rotating input cam. During rotation of the input cam these balls 
will merely reciprocate back and forth in these grooves 14. Also 
shown in the backing plate is the guideway 18 that guides the 
slide during its reciprocating motion. 

[0039] In Fig. 4 a basic configuration of the intake valve 1 
and exhaust valve 2 are shown. As the camshaft 10 rotates in 
clockwise direction the cam assemblages 30i and 30e will slide 
along their respective lines of action and, in accordance with 
their rise and fall cycles, reciprocate back and forth and dwell 
in accordance with the slide. Slotted cam 31 at some angle a will 
reciprocate along the LOA in concert with the slide. In the 
slotted cam are pins 32e and 32i which extend from the valve stem 
are forced to travel in the slot and by virtue of the fact that 
the valve is captured in the cylinder head 3 and can only move up 
and down in the piston,- the drive cam with its slotted angular cam 
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track will force the pin down as the assemblage is displaced 
outwardly and, in turn, force the pin up as it returns to its 
initial position. Accordingly, as the camshaft rotates 90 
degrees, the rise and fall cycles will displace the valve from a 
closed to an open to a closed condition. As the input cam 
continues to rotate the remaining 270 degrees, valve 2 will dwell 
and remain closed as shown in Fig. 4. In Fig. 4 the valve 1 is at 
its maximum 100% opened condition. This essentially springless 
kinematic action is a preferred embodiment of the present 
invention in that its minimal mass inertia and positive 
essentially springless control during actuation indicates an 
ability that can co-exist with higher engine speeds. 

[0040] The configuration shown in Fig. 4 illustrates a valve 
actuation system with fixed displacement and is functional in the 
same capacity as the spring-cam system. Although the variable 
displacement feature of this invention has not yet been introduced 
the configuration represents substantial advantages over the 
spring-cam system in that considerable power savings are possible 
by eliminating the stored energy in the springs and the minimal 
mass inertia of the valve assembly will be accommodating to higher 

9 

engine speeds. 

[0041] Fig. 5A illustrates the variable displacement feature 
for valve actuation of the present invention. In the actuator 
system shown in Fig. 5A, the intake valve 50 illustrates the 
mechanism by which a valve stroke cannot only be incrementally 
adjustable to its full opening but can also be controlled to close 
the valveport indefinitely while the engine is running. The 
kinematics will be first described and the control features will 
follow. The exhaust valve 60 is not necessarily a controlled 
function and will not be included at this time, although a similar 
variable actuation system can be utilized therewith if desired. 

[0042] The drive cam slot earlier described in Fig. 4 as a 
rixea angie is now muiuucu m cue tn^uiai ^ • **** 
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configured to be rotatable and preferably about point M, the 
center of the disk. 

[0043] The rotation function as shown, although not limited 
to, comprises of a circular disk 52 of radius R that rotates in 
housing 53 containing a circular cavity also of radius R and a pin 
54, Fig. 5B, that extends beyond the housing 53 and rotates in 
circular slot segment 55. Pin 54 is the means by which a control 
system, later described, can rotate the circular disk 52 any 
angular position within the angle a. Figures 5C, 5D and 5E 
illustrate various rotational angles of the circular disk 52 and 
the resulting orientation of the slot 56. In Fig. 5C, the plunge 
of the valve 51 will be maximum and equal to D. Figure 5E shows 
the circular disk slot 56 rotated the angle X so the slotted cam 
is horizontal and does not allow for any plunge of the valve 51 as 
the drive link slot is co-linear with the line of action of the 
reciprocating slide so there is no resultant downward 
displacement. Figure 5D shows the circular disk slot rotated to 
an intermediate angle with the resulting downward motion B which 
is a fraction of the maximum excursion D. It can be seen that by 
rotating the circular disk link about M, adjustment of the valve 
51 displacement is essentially infinitely variable from zero 
displacement to its maximum value D. 

[0044] The center point M is critical in that it represents the 
closed position of the valve 51 and must be consistent and 
repeatable for any rotational angle of the circular drive disk as 
shown in 5C, 5D and 5E. Since the valve 51 must be closed for 
each cycle and since the variable aspect of valve displacement can 
be required at any time it follows that for the valve to close for 
each cycle, the pin 54 must achieve the position at M for each 
cycle. By maintaining point M at the same juxtaposition 
regardless of circular disk rotational angle this requirement is 
well met. 

[0045] In the assembly 70 of Fig. 5F, intake and exhaust valve 
actuator systems 50 and 60, respectively, are shown as part of the 
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preferred embodiment of the present invention. The intake 
variable valve actuation system 50 for the intake cycle was 
previously described in Fig. 5A and the exhaust valve actuation 60 
was described in Fig. 2A and 2B. The cam track or groove 
configurations which initiate the reciprocating motion of the 
slide are integral with the input cam 61 one on either face, 
groove or track 62 for the intake stroke and groove or track 63 
for the exhaust stroke. As the input cam 61 rotates both 
assemblages, 50 intake and 60 exhaust will reciprocate at 
precisely the same rate in concert with the engine crankshaft 57 
in accordance with cam grooves 62 intake and 63 exhaust. 

[0046] Figs. 6A-6J illustrate side and top views of the input 
cam sequencing in concert with the four cycle internal combustion 
engine and timed by the engine crankshaft. Other cycle engines 
can also be based upon this inventive concept as well. 

[0047] Figures 6A and 6B are snapshots of the moment when both 
the intake and exhaust valves 50 and 60, respectively, are closed 
and their cam tracks 62 and 63 are at the Rc radius as described 
in Fig. 4. The camshaft clockwise rotation at this moment 
reflects the just completed closure of the exhaust valve and the 
imminent opening of the intake valve. The valve stems are at 
point M, the closed position of the valve ports 68 intake and 69 
exhaust. Figs. 6C and 6D occur after 45 degrees of camshaft 
rotation and illustrates the maximum displacement Rmax of cam 
track 62 and full displacement of the slide at point B resulting 
in the complete opening of the intake valve 68 and maximum port 
opening since the circular drive disk slot is oriented at its 
angle X in accordance with Fig. 5C. This completes the intake 
cycle of the cylinder. In the meantime, the exhaust valve remains 
closed as its cam track 63 at point A still reflects the Rc radius 
and therefore maintains the valve in its closed position. 

[0048] Figs. 6E and 6F occurs 45 degrees later and at this 
instant Rc is reflected at points A and B which results in both 
cams 68 and 69 being closed. These valves will remain closed for 
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the ensuing 180 degrees of camshaft rotation as both cam tracks 62 
and 63 will present Rc at both points A and B. This is necessary 
to allow the piston to experience the compression and combustion 
cycles. Accordingly, the camshaft at the time has rotated a total 
of 270 degrees and the cam tracks have achieved their position 
shown in Figs. 6G and 6H with exhaust cam track 62 ready to open 
the exhaust valve for the final 90 degrees at point A while the 
intake cam track 63 is at Rc at point A and remain at Rc for the 
final 90 degree rotation of the camshaft. Figs. 61 and 6 J reflect 
the opened exhaust valve 69 at 45 degree rotation of the camshaft 
from Figs. 6g and 6H as dictated by cam track 63 at point A R^ 
while the intake valve 68 remains closed as the intake cam track 
62 is reflecting the Rc radius at point B. The exhaust port is 
constantly opened to its maximum port opening as shown , but can be 
adjusted by similar means as the intake valve if desired. An 
additional 45 degree rotation of the camshaft will close the 
exhaust port and complete the 4 stroke cycle of the engine. Its 
final configuration will be as shown in Figs. 6A and 6B. It can 
be seen that the intake valve 68 opening can be adjusted by 
rotating the circular drive disk 52 in accordance with rotation of 
the camshaft just described. The valve displacement can be varied 
indiscriminately without affecting the piston cycling by having 
means of adjusting the circular drive disk cam slot can be 
achieved independently. 

[0049] The precise sequencing and timing requirements for the 
four cycle engine are well met with the cam sequencing assembly 70 
(shown in top view) , Fig. 6B as the two cam grooves 62 and 63 are 
precisely machined and phased in a single input cam. It can be 
seen that the assemblage 70 is a complete, robust and simple 
assembly which can control one intake and one exhaust valve. Fig. 
7 illustrates how two of these assemblies in a common housing 90 
can control two intake and two exhaust valves of a single 
cylinder. Engine designs in the overwhelming number of vehicles 
operate with four valves for more efficient operation. To 
describe the control function of these valves, the basic principal 
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will be presented kinematically and then introduced into the four- 
valve assembly of Fig. 7 to complete this embodiment of the 
present invention. Figs. 8A-8D illustrate the basic control 
function and is shown on a single intake valve. 

[0050] The intake valve assembly 100 shows the valve as 
presented earlier, which includes the complete kinematic function 
in accordance with the preferred embodiments of this invention. 
It was shown how the valve actuation displacement can be 
incrementally varied by the circular disk (52) 101 drive slot 56 
and slide assemblage 102. As demonstrated earlier , (Fig. 5A, pin 
54), adjustment pin 103 is the component used to rotate the 
circular disk for varying the drive slot 56 angle a which in turn 
varies the stroke of the valve 108. As shown in Fig. 8A the angle 
a reflects maximum opening of valve 104. There are two principal 
constraints imposed on the pin 103. The first is the ability to 
rotate the pin for the desired valve opening and the second is to 
maintain the adjusted (closed) position while the valve is 
operational . 

[0051] A control block 105 captures the pin 103 in slots 106 as 
it extends beyond the slide assembly 102. Slots 106 must be 
aligned and maintained parallel to the line of action LOA of the 
slide assembly 100. When a force P is applied to the control 
block 105 , the downward displacement D, Fig. 8C, which must 
maintain the parallel juxtaposition of the slots 106 parallel to 
the LOA, and then the pin 103, which is captured in the circular 
slot segment 107, will rotate circular drive disk 101 any angle 
incrementally from 0 degrees to the angle X. As the circular 
drive disk 101 rotates the pin 103 rotates in circular slot 
segment 107, it will require axial displacement in the slot 56 to 
accommodate the rotation. Constraint is required on the control 
block to assure the parallelism required of the slot 106 and the 
LOA. The kinematics are discussed here and a methodology will be 
presented later. When the desired angular position is achieved, 
the reciprocating motion of the slide assembly will also 
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reciprocate the adjustment pin 103 at the same time. Slot 106 
which is in the control block and parallel with the LOA will 
accommodate the action of adjustment pin 103 insuring its angular 
position relative to the angular position of the drive slot and in 
turn the desired displacement of the valve while the slide 
assembly is reciprocating. The control block is fixed relative to 
the valve assemblage 100 and insures the juxtaposition of circular 
drive disk from any loads applied to the valve and any dynamic 
noise impressed on the slide assemblage. Fig. 8B is a sectional 
view of the assemblage and shows the adjustment pin 103 in the 
slot 106 and the circular segment slot 107 of the slide housing 
102. 

[0052] Fig. 8C illustrates an auxiliary view of the assembly in 
the condition of maximum valve displacement at slot angle while 
Fig. 8D illustrates the circular disk at 0 degree position after 
application of load P to rotate the circular drive disk. The 
centerline connecting the two views illustrates the fixed position 
of the slide assemblage but shows the change of the circular disk 
101 , which is the difference between the flat 111 on the circular 
disk 101 and its radius R. The dotted position of the drive slot 
110 which is the zero angle and no valve displacement is 
represented in Fig. 8D. It has been shown that the two conditions 
of restraint are well met by the control block 105 and 
demonstrates the required function of adjusting the intake valve 
displacement and maintaining the required displacement during the 
reciprocating motion of the slide assemblage and the proper 
sequencing cycle of the intake valve. 

[0053] Figs. 9A-9D illustrate, but are not limited to, a 
methodology which can be used with all the preferred embodiments 
of the present invention. Fig. 9B is a top view of a four valve 
cylinder; 9C is a cutaway top view and Fig. 9D is an auxiliary 
side view cutaway section. The four-valve assembly 120 as 
described in Fig. 7 is integrated with a control assembly 125 and 
integrated with intake valve assembly 135 as described in Fig. 5A. 
The control assembly 125 will demonstrate the control function 
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described in Fig. 9A and as it will apply to a four valve cylinder 
of an internal combustion engine or any internal combustion engine 
regardless of the number of valves in its cylinders. The two 
intake valve slide assemblies 135 as shown in Figs. 9B, 9C and 9D 
will be controlled by the control block assembly 125. As shown in 
9C and 9D the adjustment pins 136 of both intake slide assemblies 
are captured in the control block slots 137. The control block is 
captured in the guideway housing 127. The block assembly is 
constrained in lateral and axial directions at 128 interface for 
axial motion and 129 interface for lateral motion. These 
interfaces are so disposed as to insure a vertical up and down 
motion of the control block that maintains the juxtaposition of 
the slot 137 parallel to the line of action of the reciprocating 
intake valve assembly 135. The control block when acted upon by 
an actuator , such as, but not limited to, a hydraulic cylinder 
140, the centerline of which is so disposed as to be parallel with 
the valve, the control block can be incrementally displaced to 
produce the desired valve opening characteristic. Of course, it 
will be necessary to control the cylinder displacement and lock it 
in the desired position with suitable valving techniques. 
Accordingly, for a four-valve cylinder with two intake valves, yet 
another preferred embodiment of the present invention is the 
control aspects for varying the valve actuation. 

[0054] It can be seen that, for example, in a six-cylinder 
engine with six such assemblies, that with a central control 
system that has position information of the hydraulic cylinders, 
it is possible to control gasoline intake for all cylinders 
individually or altogether and to control them as the engine is 
operating. Further, for 6 cylinder engines, six assemblies shown 
in Fig. 9A would be quite effective as only a single camshaft on 
each side of a V6 engine is required rather than the four 
camshafts, two intake and two exhaust, as required in the 
cam/ spring valve actuation systems in present day automobile 
engines. Alignment between these shafts and timing is very 
critical and complicated as compared to the simple 6 assemblages 
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of Fig. 9A and a single crankshaft. Timing in each piston is self 
contained, precise, repeatable and easily aligned. The valve 
actuation systems described above utilizes the same actuation 
assemblage for each cylinders with four valve and only requires 
adjusting each actuator in accordance with the firing sequence. 
The prior art spring-cam system presently in use not only requires 
the sensitive alignment and timing of the four camshafts but the 
installation of 24 springs all preloaded to produce 65 to 80 
pounds of force. Finally, the elimination of power required to 
overcome these preloads and accelerate the valve mass inertia will 
be significant and contribute a more efficient delivery of power 
for each gallon of gasoline. The present invention without 
springs (desmodromic) and less mass inertia along with variable 
valve displacement, will offer a significant increase in 
performance for an internal combustion engine. The simple, robust 
actuation system of the present invention is not only more 
advantageous in performance but is more easily manufactured, 
assembled and installed over the cam-spring system presently 
installed in automobiles today. 

[0055] As shown in Figures 1-9, the valve configuration of an 
intake and exhaust valve mechanism is for a cylinder having two 
valves. There are engines with multiple valves per cylinder and 
include four and six valves per cylinder. As shown in Figure 10, 
it is possible to include multiple valve actuation from the same 
drive link of the single valve mechanism. The drive 150 of this 
embodiment of the invention becomes a muti-f ingered drive link 
with two drive links 151 and 152 with associated driving 
(actualting) mechanisms for each valve. Duplicate actuating 
mechanisms will be required for the four valves as shown. 
Accordingly, a single cam 153 on camshaft 154 controls four valves 
as shown, as for example, with the case of six valve cylinders. 

[0056] The thermodynamic combustion that occurs in either a 
gasoline or diesel engine results in the release of extremely high 
heat energy that must be absorbed in the cylinders of the engine 
block and cylinder head. Heat transfer is accomplished by coolant 



19 



Docket #2948 1-1 01 CIP 



water flowing through the engine assembly. This effusion of heat 
energy directly affects the valves and their ineffectiveness in 
conducting or radiating the absorbed heat results in extremely 
high temperature rise of the valves, over 500°f. 

[0057] The result of these elevated temperatures, for example, 
is an elongation of the valve stem 33 (illustrated in Figs. 2A and 
2B without thermal elongation). An elongated valve stem may cause 
the valve to not sufficiently seat resulting in poor engine 
performance as well as permit dangerous gas vapors to escape and 
precipitate an explosive environment. Accordingly, accommodating 
the variation of valve stem length is another embodiment of the 
present invention and is shown in Figs. 11A-11C. 

[0058] As shown in Fig. 2A, the configuration of slot 31 and 
the nominal position of the valve stem pin 32, the valve is 
closed. In this juxtaposition, the valve will always close but 
the thermal growth of the valve may prevent the valve from 
properly seating. An alternative embodiment of the present 
invention introduces a valve stem thermal compensator 175 into the 
slot 31 to accommodate, for example, the extended valve stem 33 
and achieve substantially full valve closure or seating and is 
illustrated in Figs. 11A-11C. 

[0059] As illustrated in Fig. 11A, the theoretical center of 
the valve stem pin hole 32A is the normal location of the valve 
190 at closing. The valve stem thermal compensator 175 contains 
the valve stem pin hole 32A and pair of distally opposed spring- 
like projections 151 and 152. The extended length E is the 
position required of the valve stem pin 32 at its maximum 
temperature. The travel T requires an overdrive position denoted 
by 0 to achieve the proper slot position and achieve closure of 
the valve 190. The pair of distally opposed spring-like 
projections 151, 152 have predetermined spring constants, 
deflections, and damping characteristics to sufficiently seat the 
valve 190 under operating conditions without inducing an 
excitation mode that could cause the valve 190 to bounce. The 
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pair of distally opposed spring-like projections 151, 152 are pre- 
loaded in the slot 31 such that the pair of distally opposed 
spring-like projections 151, 152 are always under a load and 
asserting a force on to the slot 31, whereby the valve stem 
thermal compensator 175 maintains a tight fit within the slot 31 
during all operational and ambient conditions. 

[0060] Figs 11B and 11C illustrate the two extreme conditions 
of valve 190 closure. Fig 11B illustrates the condition of the 
pair of distally opposed spring-like projections 151, 152 for the 
heated extended valve stem 33. The travel T of the assemblage 35 
(shown in Fig 2A) over stroke the theoretical center of the valve 
stem pin 32 until the slot 31 arrives at the position that 
accommodates the extended length E, along the valve centerline, 
and thus sufficiently seating valve 190. The spring-like 
projections 151 deflect to accommodate the additional travel T 
required of the valve stem 33 to seat the valve 190. The 
overstroke 0 is sufficiently long enough to provide for the 
alternative position of the slot 31. 

[0061] Fig 11C illustrates the condition of the crosshead 
member 175 at ambient temperatures. The travel T is constant for 
all conditions and must be accommodated at all times so that the 
camshaft 10 (Fig. 2A) is not affected. The closure of the valve 
190 with its shorter valve stems requires deflection of the 
spring-like projections 152 to allow the overstroke to occur so 
that the camshaft 10 (Fig. 2A) and cam 11 (Fig. 3A) continue to 
rotate. Spring-like projections 151 are under a load due to the 
preload at assembly. 

[0062] Accordingly, any condition between the two extremes can 
be accommodated and achieve sufficient valve 190 closure. The 
above compliant crosshead methodology for accommodating variable 
valve stem 33 lengths is presented to indicate the understanding 
of this critical situation and does not necessarily limit the 
invention to its adaptation but merely demonstrates one possible 
solution. 
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[0063] Although the invention has been described with respect 
to various embodiments , it should be realized this invention is 
also capable of a wide variety of further and other embodiments 
within the spirit and scope of the appended claims. 

[0064] What is claimed is: 
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